In all human populations mean life span of women generally exceeds that of men, but the extent of this sexual dimorphism varies across different regions of the world. Our purpose here is to study, using global demographic and environmental data, the general tendency of this variation and local deviations from it. We used data on male and female life history traits and environmental conditions for 227 countries and autonomous territories; for each country or territory the life-span dimorphism was deÞned as the difference between mean life spans of women and men. The general tendency is an increase of life-span dimorphism with increasing average male-female life span; this tendency can be explained using a demographic model based on the Makeham-Gompertz equation. Roughly, the life-span dimorphism increases with the average life span because of an increase in the duration of expressing sex-and age-dependent mortality described by the second (exponential) term of the Makeham-Gompertz equation. Thus we investigated the differences in male and female environmental mortality described by the Þrst term of the Makeham-Gompertz equation Þtted to the data. The general pattern that resulted was an increase in male mortality at the highest and lowest latitudes. One plausible explanation is that speciÞc factors tied to extreme latitudes inßuence males more strongly than females. In particular, alcohol consumption increases with increasing latitude and, on the contrary, infection pressures increase with decreasing latitude. This Þnd-ing agrees with other observations, such as an increase in male mortality excess in Europe and Christian countries and an increase in female mortality excess in Asia and Muslim countries. An increase in the excess of female mortality may also be due to increased maternal mortality caused by an increase in fertility. However, this relation is not linear: In regions with the highest fertility (e.g., in Africa) the excess of female mortality is smaller than in regions with relatively lower fertility (e.g., in Asia). A possible explanation of this phenomenon is an evolutionary adaptation of women to the pressures of extremely high fertility by means of some reduction of their maternal mortality.
Materials and Methods
The global demographic and environmental data used in the analyses were collected for 227 countries and autonomous territories (see Appendix) using mainly international electronic databases accessible on the Internet, such as those provided by the World Health Organization (http://www.who.int), the Centers for Disease Control and Prevention in the United States (http://www.cdc.gov), the United Nations Statistical Division (http://un.stats.un.org), the World Bank Group (http://www.worldbank.org), and the World Sites Atlas (http://www. sitesatlas.com). These data were partly completed by information from other sources (e.g., scientiÞc journals and reports from ministries of health).
Disease occurrences in the different countries were compiled for a set of 324 categories of human parasitic and infectious diseases affecting human survival (see more information at http://www.cyinfo.com), and the disease load was calculated as the total number of diseases for each country. The consumption of alcohol per individual was measured in liters per capita per year. Life expectancy at birth and infant mortality were considered separately for each sex. The maternal mortality ratio was deÞned as the number of maternal deaths caused by deliveries and complications of pregnancy and childbirth divided by the number of live births for a given year; it is expressed per 100,000 live births. The fertility indicates the number of offspring born to a woman per lifetime passing through the child-bearing age. The nutritional conditions were evaluated by the calorie consumption per average inhabitant per day. Mean latitude and mean longitude refer to the value measured at the geographic center of each country.
Instead of life span at birth L 0 , which is presented in our source data and which includes infant mortality of the Þrst year of life, we use the life-span estimate L 1 , which is calculated under the assumption of having survived the Þrst year. L 1 can be obtained from the equation representing L 0 as a weighted sum of L Ͻ1 (the life span of those who have not survived the Þrst year) and L 1 (the life span of those who did survive the Þrst year):
where p 1 is the probability of dying during the Þrst year, which is also present in our data. Taking into account that L Ͻ1 is equal to 1 ‫מ‬ p 1 (the probability of surviving the Þrst year), we obtain the following formula for L 1 :
The values of L 1 were calculated separately for women and men using the values of L 0 and p 1 (known for each sex). Only values of L 1 will be used further and will be referred to as female and male life spans. Regression and variance analyses were performed using the S-Plus statistical package (Venables and Ripley 1994) .
General Tendency of Life-Span Dimorphism
The general tendency of the global pattern of life-span dimorphism is that dimorphism increases with the average life span (half-sum of female and male mean life spans). This appears clearly in Figure 1 , where the dependencies of female and male life spans, L f and L m , on their half-sum L are approximated by the linear regressions
and In more detail, this tendency is shown in Figure 2 , where the dependence of lifespan dimorphism, deÞned as female minus male life span, d ‫ס‬ L f ‫מ‬ L m , on L is approximated by a statistically signiÞcant linear regression:
(country names are designated by their two-letters codes, given in the Appendix). Alternatively, the signiÞcance of increasing life-span dimorphism with increasing life span can be detected using an approach proposed by Mosimann (Mosimann 1970; Mosimann and Darroch 1985) . According to this approach, we should regress the logarithms of L f on the averages of the logarithms of L f and L m and compare the slope of this regression with 1.0. In our case we obtained a value of slope equal to 1.039, which is signiÞcantly greater than 1.0 ( p Ͻ 0.0000001), thus indicating that life-span dimorphism does increase with increasing life span.
This tendency can be explained by using the Gompertz-Makeham law (Gompertz 1825; Makeham 1860) , which presents the age dynamics of the individual rate of mortality m(t) as the sum of two terms, according to the following equation:
The Þrst term, A, is independent of age and reßects the action of environmental causes of death, whereas the second term increases exponentially with age t. The accelerated increase of mortality with age can be explained by a progressive reduction of an organism's resources allocated to its repair, as is predicted by evolutionary optimization models (Abrams and Ludwig 1995; Cichon 1997; Teriokhin 1998) . The estimations of the parameters A, B, and C from demographic data for different human populations (e.g., Gavrilov and Gavrilova 1991) show that parameters B and C are relatively stable in geographic space and historical time compared to parameter A and that parameter C is more stable with respect to sex. We therefore assume the following model to describe the age dynamics of the mortality rate m (r, s, t) for an individual of sex s ( f, female; m, male) living in a region r:
When the age dynamics of mortality are known, the individual's expected mean life span can be computed using the equation
which approximates the exact integral equation
The maximum life span T in the approximated equation must be a sufÞciently large age for which the probability to survive up to it is small. We used the value T ‫ס‬ 120, for which this probability is less than 0.0000001, even in the absence of environmental mortality. To Þnd the best estimates for the parameters B f , B m , and C (i.e., minimizing the sum of squares of differences between observed and estimated life spans through all the countries and both sexes), we assumed that on the global scale the regional sex differences in the parameter A r are mutually balanced (i.e., that the values of the parameter A r for each region r were equal for both sexes). Thus we had to estimate N ‫ם‬ 3 parameters on the basis of 2N observations (life spans for males and females for N countries).
The estimates obtained for the parameters were B f ‫ס‬ 0.0000078, B m ‫ס‬ 0.000017, and C ‫ס‬ 0.101. In turn, the estimates of life spans computed using the Gompertz-Makeham equation with these parameter estimates (plus corresponding estimates of A r ) do not differ practically (not greater than onetenth of a year) from the estimates obtained using the linear regressions. Hence the observed linear trend of life-span dimorphism associated with increasing average life span can be explained by sex differences in the parameter B s in the Gompertz-Makeham equation.
Regional Deviations from the General Tendency
We then tried to explain the deviations from the general linear trend by using the regional differences in the Þrst term of this equation:
In this second stage of the analysis, values of parameters B f , B m , and C were Þxed at their estimated values and parameter A was allowed to depend both on region and sex. Fitting this model to the data allowed us to estimate values of environmental mortality rate for each country and for each sex (see Appendix). We then tried to relate mortality sex-speciÞc differences, expressed by A r,s , to the environmental conditions in different countries. To attenuate the role of outlying differences between male and female environmental mortality rates, we did not analyze row differences but their logarithmically transformed values d A , obtained using the equation
which we call male environmental mortality rate excess, or simply male mortality excess.
To evaluate the environmental inßuence on sexual differences in environmental mortality, we estimated the dependencies of d A on different environmental factors using regression and variance analyses.
These analyses identiÞed several environmental factors signiÞcantly related to d A , some of which were nonlinear. In particular, the excess of male environmental mortality is observed at lower and higher latitudes (lesser than 10Њ and greater than 45Њ; see Figure 3 ). The dependence of d A on latitude x is described by a second-order polynomial function with a statistically signiÞcant quadratic term: We suggest that such a nonlinear dependence can be explained by opposite linear dependences of d r with different environmental factors. Factors signiÞcantly (at the 5% level) related to the male mortality excess are shown in Tables 1 and 2 . From Table 1 we see that the factor that is the most incontestably correlated with d A (R ‫ס‬ 0.27, p ‫ס‬ 0.00024) is the annual per capita consumption of alcohol. This factor is also positively correlated with latitude (R ‫ס‬ 0.50, p Ͻ 0.0000001), so that the excess of male environmental mortality at higher latitudes can, at least in part, be explained by a negative inßuence of excessive consumption of alcohol, which affects primarily men (Lunetta et al. 1998; Nolte et al. 2003) . On the contrary, another environmental factor, the number of infections (corrected for the logarithm of population number), which also correlated positively with d A (R ‫ס‬ 0.19, p ‫ס‬ 0.013) (see Table 1 ), increases with decreasing latitude (R ‫ס‬ ‫,35.0מ‬ p Ͻ 0.0000001). This may explain, at least in part, the increase in male mortality excess at lower latitudes, because, in general, infections affect men more strongly than women (Franceschi et al. 2000; Wells 2000) . We might generalize these two observations by proposing that stressful factors, in particular, those manifested at extreme higher and lower latitudes, inßuence primarily men negatively, thus increasing the excess of male environmental mortality (Wells 2000). The same line of thinking can be applied to the negative correlation of insular situation of region with d A (mean value of d A is ‫84.0מ‬ on islands versus 0.05 on continents, p ‫ס‬ 0.044) (see Table 2 ). We suggest that stressful factors on islands are less expressed than on continental territories. The correlation of d A with the number of physicians may simply be due to its correlation with other environmental factors, in particular, with alcohol (R ‫ס‬ 0.57, p Ͻ 0.0000001). Direct interpretation of this correlation (i.e., that women are more sensitive to an increase or decrease in the number of physicians) is nevertheless also possible.
The signiÞcant effect of continent and religion (d A is higher in European and Christian countries and lower in Asian and Muslim countries; see Table 2 ) can also be explained by the inßuence of some environmental factors. Indeed, the consumption of alcohol is signiÞcantly greater in Europe than in Asia (11.1 versus 2.8 l, p Ͻ 0.0000001) and in Christian countries than in Muslim countries (7.3 versus 0.9 l, p Ͻ 0.0000001).
An additional factor that lowers the excess of male environmental mortality (or rather, increases the excess of female environmental mortality) in Muslim countries compared with Christian countries is higher fertility (4.4 versus 2.8 children, p ‫ס‬ 0.000014). Higher fertility may decrease d A because of increasing maternal mortality, which is strongly correlated with fertility (R ‫ס‬ 0.80, p Ͻ 0.0000001).
However, the relation of excess male environmental mortality with fertility is not linear. We see in Figure 4 that, although male mortality excess decreases with increasing fertility from lowest to middle values (from 1 to 4.5 children), d A increases with increasing fertility from middle to highest values (from 4.5 to 8 children). The dependence of d A on fertility f is well described by a second-order polynomial function with a statistically signiÞcant quadratic term:
One interpretation of a relative increase in d A at low latitudes is based on the fact that fertility, like infections, signiÞcantly increases with decreasing latitude (R ‫ס‬ ‫,26.0מ‬ p Ͻ 0.0000001). However, we have already noted a negative inßu-ence of the infection pressure on males. If this pressure overcomes the negative effect of high fertility, which acts predominantly negatively on females, it may explain the observed increase in d A in regions with highest fertility. The increase in d A with increasing fertility (in parallel with increasing infections) to its highest value can also be explained by evolutionary adaptation of women to the necessity of having a considerable increase in fertility in relation to a high parasitic pressure . In support of this, the highest fertility values are mainly observed in Africa (5.1 children in Africa versus 3.3 in Asia and 1.4 in Europe), where the average life span is extremely low (53.1 years in Africa versus 69.2 in Asia and 76.1 in Europe). Thus a relative reduction in female environmental mortality (by means of genetic selection or cultural adaptation) may indeed be vitally important for population survival.
Conclusion
The two goals of this study were (1) to identify and explain the general tendency of human life-span sexual dimorphism and (2) to identify and relate the deviations from the general tendency to environmental conditions. The general tendency consists in an increase of life-span dimorphism with improved environmental conditions and an increase in mean life span. This tendency is observed empirically and can be obtained theoretically if we assume that the age-dependent exponential component of human mortality in the Gompertz-Makeham equation is more conservative than the age-independent (but environment-dependent) component. On the intuitive level this increase in life-span dimorphism with increasing average male-female life span is due to the fact that the longer the life span of men and women, the longer the period for expressing the difference in their age-dependent mortalities.
With regard to deviations from the general trend, the general pattern indicates an excess of male mortality at the highest and lowest latitudes. One explanation is that the stressful factors linked to extreme latitudes affect males more strongly than females. In particular, alcohol consumption increases with increasing latitude and infection pressures increase with decreasing latitude. This pattern agrees with observations that male environmental mortality increases in European and Christian countries and that female mortality increases in Asian and Muslim countries. An increase in the excess of female mortality might also be caused by increased maternal mortality associated with increasing fertility, although this relation is not linear. However, in the regions with highest fertility, notably in Africa, the excess of female mortality is lower than in Asia. A possible explanation may be that African populations have adapted to their highly stressful environment by means of female mortality reduction. 
